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APPARATUS AND METHOD FOR DECODING VARIABLE LENGTH CODE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority to Korean Patent Application No. 
2002-45975, filed on August 3, 2002, which is herein incorporated by reference 
in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a decoding apparatus, and more 
particularly, to an apparatus and method for decoding variable length coded data. 

2> Description of the Related Art 

The Moving Picture Experts Group (MPEG)2 standard, published in April 
of 1994, is an international standard for the compression and decompression of 
video. 

Methods of compressing and decompressing video have been 
increasingly used in various applications such as for the transmission of digital 
image data and for digital storage devices. Image compression algorithms 
typically perform lossless compression of image data using a variable length 
encoder. 

The variable length encoder assigns shorter bits to data symbols having a 
relatively high probability of occurrence and longer bits to data symbols having a 
relatively low probability of occurrence. Accordingly, when encoding a given 
data bitstream, the variable length encoder generates a shorter data bitstream 
than a fixed length encoder. 



The variable length decoder detaches a variable length code 
corresponding to a single symbol from an input variable length coded data 
bitstream and obtains a fixed length code from the detached variable length code 
using a symbol table. If a variable length coding table used in the variable 

5 length encoder can be set by a user, the variable length decoder detaches 

variable length codes while reading fixed-length bits from an input data bitstream 
based on the variable length coding table used in the variable length encoder. 

A method of detaching bits from an input data bitstream one by one and 
performing a tree search algorithm on each bit is a fundamental variable length 

10 decoding method. In the case of an MPEG bitstream, a typical maximum code 
length is 16 bits. For a code length of 16 bits, 16 tree searches need to be 
performed to obtain a code value. In another method, bits are detached in 
groups of two from an input data bitstream and a tree search algorithm is 
performed on each group of two bits . In this method, 8 tree searches need to 

15 be performed to obtain a code value given a code length of 16 bits. 

As the number of bits detached from a data bitstream increases, decoding 
speed increases, but the structure of a decoder becomes increasingly 
complicated. Accordingly, an appropriate trade-off between decoding speed 
and the complexity of a decoder is needed. 

20 Therefore, a need exists for a variable length decoder capable of handling 

a plurality of codes simultaneously. 

SUMMARY OF THE INVENTION 

The present invention provides an apparatus for decoding a variable 
25 length code, wherein L bits are detached from an input data bitstream and 
decoded. Pre-decoding methods are selectively used according to a 
characteristic of a code value of the input data bitstream. 

The present invention provides a method of decoding a variable length 
code, wherein L bits are detached from an input data bitstream and decoded. 

30 
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Pre-decoding methods are selectively used according to a characteristic of a 
code value of the input data bitstream. 

According to an embodiment of the present invention, there is provided an 
apparatus for decoding a variable length code comprising a pre-decoding unit, a 

5 shifter, first through M-th look-up table address registers, a selector, a memory 
controller, a memory, and a memory searcher. The pre-decoding unit receives 
a data bitstream and generates a first selection signal or a second selection 
signal for selecting a look-up table address register from a set of first through 
M-th look-up table address registers according to a code value of the data 

10 bitstream, where M is a natural number. The shifter shifts the data bitstream by 
a predetermined number of bits in response to one of the first selection signal 
and the second selection signal and a predetermined continuous node signal. 
Each of the first through M-th look-up table address registers includes a LOC 
(Local Codes) address designating a K-bit LOC table value stored in a memory, 

15 where K is a natural number. The selector selects an output of the first through 
M-th look-up table address registers and outputs the selected output in response 
to one of the first selection signal and the second selection signal. The memory 
controller receives the output of the selector, generates a third selection signal 
for selecting a LOC table value and a terminal value corresponding to the LOC 

20 table value in response to the predetermined continuous node signal, or 

generates a fourth selection signal for selecting a predetermined fixed length 
code stored in the memory in response to a predetermined symbol address 
signal, where the LOC table value and the terminal value are stored in the 
memory, and the terminal value is used to obtain a predetermined symbol 

25 address. The memory stores LOC table values, terminal values, and fixed 

length codes, outputs a LOC table value and a terminal value in response to the 
third selection signal, and outputs a fixed length code in response to the fourth 
selection code. The memory searcher receives the LOC table value and the 
terminal value that are output from the memory and L bits of the data bitstream, 
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determines whether the L bits of the data bitstream designate a terminal node or 
a continuous node using a LOC information table stored therein, generates a 
continuous node signal or a symbol address signal based on the result of the 
determination, receives the fixed length code output from the memory, and 

5 outputs the fixed length code, where L is a natural number. 

The pre-decoding unit includes a first pre-decoder and a second 
pre-decoder. The first pre-decoder receives the data bitstream and when 
sequential Os or 1s exist in a set of most significant bits (MSBs) of the data 
bitstream, generates the first selection signal for selecting the look-up table 

10 address register from the set of first through M-th look-up table address registers 
according to the number of sequential 0s or 1s. The second pre-decoder 
receives the data bitstream and generates the second selection signal for 
selecting the look-up table address register from the set of first through M-th 
look-up table address registers using N bits in the MSBs of the data bitstream, 

15 where N is a natural number. 

The shifter shifts the data bitstream by 3 bits in response to the continuous 
node signal. 

The memory controller includes an offset register, an adder, a LOC 
address register, and a symbol address register. The offset register receives 

20 the output of the selector and stores it until a next output is received from the 
selector. The adder generates the third selection signal for selecting values 
from a LOC table stored in the memory by adding the output of the offset register 
and a predetermined next LOC address. The LOC address register generates 
the predetermined next LOC address in response to the continuous node signal. 

25 The symbol address register generates the fourth selection signal for selecting 
the fixed length code in response to the symbol address signal. 

The next LOC address is a sum of a current LOC address and a number 
of non-terminal nodes in a current LOC up to a current node. 
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The symbol address is a sum of a terminal value corresponding to a 
current LOC table value and a number of terminal nodes in a current LOC before 
a current node. 

The LOC information table stored in the memory searcher includes node 

5 types indicating whether a node designated by the variable length code is a 

terminal node, a continuous node, or an invalid node, each node type comprising 
N*2 L LOC information bits, and LOC information bits for each node type are 
expressed using four formats A, B, C, and D. Each format comprises N bits. 
In the LOC information table stored in the memory searcher, a node type 

10 designated by the variable length code is a terminal node when the variable 

length code is 0, 1 , 00, 01, 10, or 11, and a node type designated by the variable 
length code is one of the terminal node, the continuous node, and the invalid 
node when the variable length code is one of 000 through 111. Here, in a case 
where N is 2 and L is 3, when the variable length code is 0, an upper 8 bits of the 

15 LOC information bits are expressed as ABBB. When the variable length code is 
1 , a lower 8 bits of the LOC information bits are expressed as ABBB. When the 
variable length code is 00, an upper 4 bits of the LOC information bits are 
expressed as AB. When the variable length code is 01, LOC information bits 
from an upper fifth to eighth places are expressed as AB. When the variable 

20 length code is 10, LOC information bits from an upper ninth to twelfth places are 
expressed as AB. When the variable length code is 11, LOC information bits 
from an upper thirteenth to sixteenth places are expressed as AB. When the 
variable length code is one of 000 through 1 1 1 , LOC information bits for a 
terminal node designated by the variable length code are expressed as A, LOC 

25 information bits for a continuous node designated by the variable length code are 
expressed as C, and LOC information bits for an invalid node designated by the 
variable length code are expressed as D. 

In the LOC information table stored in the memory searcher, a node type 
designated by the variable length code is the terminal node when the variable 
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length code is 0 or 1, and a node type designated by the variable length code is 
one of the terminal node, the continuous node, and the invalid node when the 
variable length code is one of 00 through 11 . Here, in a case where N is 2 and 
L is 2, when the variable length code is 0, the upper 4 bits among LOC 

5 information bits are expressed as AB. When the variable length code is 1 , a 
lower 4 bits among LOC information bits are expressed as AB. When the 
variable length code is one of 00 through 1 1 , LOC information bits for a terminal 
node designated by the variable length code are expressed as A, LOC 
information bits for a continuous node designated by the variable length code are 

10 expressed as C, and LOC information bits for an invalid node designated by the 
variable length code are expressed as D. 

Each LOC table value stored in the memory comprises LOC information 
bits corresponding to node types designated by each variable length code of a 
current LOC in the LOC information table. 

15 According to another embodiment of the present invention, there is 

provided a method of decoding a variable length code using a variable length 
code decoding apparatus, which includes first through M-th look-up table address 
registers each including a predetermined LOC address; a memory storing a LOC 
table, which comprises K-bit LOC table values corresponding to each LOC 

20 address and predetermined terminal values corresponding to each LOC address, 
and fixed length codes; and a memory searcher storing a LOC information table 
comprising information referred to for decoding a variable length code, where M 
is a natural number and K is a natural number. The method includes (a) 
receiving a data bitstream and generating one of a first selection signal and a 

25 second selection signal for selecting a look-up table address register from a set 
of first through M-th look-up table address registers according to a code value of 
the data bitstream; (b) selecting an output of the first through M-th look-up table 
address registers in response to one of the first selection signal and the second 
selection signal; (c) generating a third selection signal for selecting a LOC table 
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value and a terminal value corresponding to the LOC table value from the LOC 
table stored in the memory by adding the output selected in (b) and a 
predetermined next LOC address, the terminal value being used to obtain a 
predetermined symbol address; (d) selecting a LOC table value and a terminal 

5 value from the LOC table in response to the third selection signal; (e) determining 
whether L bits of the data bitstream designates a terminal node or a continuous 
node using the LOC information table based on the selected LOC table value 
and the selected terminal value, which are output from the memory, to generate 
a continuous node signal or a symbol address signal, wherein L is a natural 

10 number; (f) generating the predetermined next LOC address used for selecting 
the LOC table value in response to the continuous node signal; (g) generating a 
fourth selection signal for selecting a fixed length code in response to the symbol 
address signal; and (h) selecting a fixed length code from the memory and 
outputting the fixed length code, in response to the fourth selection signal. 

15 Receiving a data bitstream and generating one of the first selection signal 

and the second selection signal for selecting the look-up table address register 
from the set of first through M-th look-up table address registers according to a 
code value of the data bitstream comprises, (a1) when sequential 0s or 1s exist 
in a set of most significant bits (MSBs) of the data bitstream, generating the first 

20 selection signal for selecting the look-up table address register from the set of 
first through M-th look-up table address registers according to the number of 
sequential 0s or 1s; (a2) generating the second selection signal for selecting the 
look-up table address register from the set of first through M-th look-up table 
address registers using N bits in the MSBs of the data bitstream, wherein N is a 

25 natural number; and (a3) shifting the data bitstream by a predetermined number 
of bits in response to one of the first selection signal and the second selection 
signal and the continuous node signal. 

The next LOC address is a sum of a current LOC address and a number 
of non-terminal nodes in a current LOC up to a current node. 
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The symbol address is a sum of a terminal value corresponding to a 
current LOC table value and a number of terminal nodes in a current LOC before 
a current node. 

The LOC information table stored in the memory searcher includes node 
types indicating whether a node designated by a variable length code is a 
terminal node, a continuous node, or an invalid node, each node type comprising 
N*2 L LOC information bits, and LOC information bits for each node type are 
expressed using four formats A, B, C, and D. Each format comprising N bits. 

Each LOC table value stored in the memory comprises LOC information 
bits corresponding to node types designated by each variable length code of a 
current LOC in the LOC information table. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present invention will 
become more apparent by describing in detail preferred embodiments thereof 
with reference to the attached drawings in which: 

FIG. 1 is a diagram of an apparatus for decoding a variable length code 
according to an embodiment of the present invention; 

FIG. 2 shows a LOC information table stored in a memory searcher shown 
in FIG. : 

FIG. 3 is a table showing symbols and variable length codes; 

FIG. 4 is a diagram showing a procedure for obtaining a symbol from a 
variable length code according to an embodiment of the present invention; 

FliG. 5 is a table showing LOC table values and terminal values, which are 
stored in a memory shown in FIG. 1 ; 

FIG. 6 is a table showing symbols and fixed length codes; 

FIG. 7 is a flowchart of a method of decoding a variable length code 
according to an embodiment of the present invention; and 

FIG. 8 is a flowchart of step 710 shown in FIG. 7. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



Hereinafter, preferred embodiments of the present invention will be 
described in detail with reference to the attached drawings. In the drawings, the 
same reference numeral denotes the same element. 
5 FIG. 1 is a diagram of an apparatus for decoding a variable length code 

according to an embodiment of the present invention. Referring to FIG. 1 , the 
apparatus 100 for decoding a variable length code includes a pre-decoding unit 
107, a shifter 130, first through M-th look-up table address registers 140, where 
M is a natural number, a selector 150, a memory control unit 153, a memory 165, 

10 and a memory searcher 170. 

The pre-decoding unit 107 receives a data bitstream QSTREAM and 
generates a first selection signal SEL1 or a second selection signal SEL2 for 
selecting a look-up table address register from a set of first through M-th look-up 
table address registers 140 according to a code value of the data bitstream 

15 DSTREAM. The pre-decoding unit 107 includes a first pre-decoder 110 and a 
second pre-decoder 120. 

The first pre-decoder 110 receives the data bitstream DSTREAM and 
generates the first selection signal SEL1 for selecting the look-up table address 
register from the set of first through M-th look-up table address registers 140 

20 according to a number of 0s or 1s when sequential 0s or 1s exist in a set of most 
significant bits (MSBs) of the data bitstream DSTREAM. The second 
pre-decoder 120 receives the data bitstream DSTREAM and generates the 
second selection signal SEL2 for selecting the look-up table address register 
from the set of first through M-th look-up table address registers 140 using N bits 

25 (where N is a natural number) in the most significant bits (MSBs) of the data 
bitstream DSTREAM. 

The shifter 130 shifts the data bitstream DSTREAM by a predetermined 
number of bits in response to the first selection signal SEL1 or the second 
selection signal SEL2 and a continuous node signal NCONS. More specifically, 
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the shifter 130 shifts the data bitstream DSTREAM by L bits, where L is a natural 
number, in response to the continuous node signal NCONS. Here, L may be 3. 

The first through M-th look-up table address registers 140 respectively 
have LOC addresses designating a LOC table value LOCTV stored in the 
memory 165 for K bits, where K is a natural number. 

The selector 150 selects an output of the first through M-th look-up table 
address registers 140 and outputs the selected output in response to the first 
selection signal SEL1 or the second selection signal SEL2. The selector 150 
may be a multiplexer. 

The memory control unit 153 receives the output of the selector 150 and 
generates a third selection signal SEL3 for selecting a LOC table value LOCTV 
and a terminal value TERMV in response to the continuous node signal NCONS 
or generates a fourth selection signal for selecting a predetermined fixed length 
code SFLC in response to a predetermined symbol address signal SYMADDS. 
The LOC table value LOCTV, the terminal value TERMV, and the predetermined 
fixed length code SFLC are stored in the memory 165. 

More specifically, the memory control unit 153 includes an offset register 
155, an adder 160, a LOC address register 175, and a symbol address register 
180. 

The offset register 1 55 receives the output of the selector 1 50. The 
output of the selector 150 is stored in the offset register 155 until a next output is 
received from the selector 150. 

The adder 160 adds the output of the offset register 155 and a 
predetermined next LOC address NLOCADD to generate the third selection 
signal SEL3 for selecting the LOC table value LOCTV and the terminal value 
TERMV, which are stored in the memory 165. 

The LOC address register 175 generates the next LOC address 
NLOCADD for selecting the LOC table value LOCTV, in response to the 
continuous node signal NCONS. The next LOC address NLOCADD is a sum of 
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a current LOC address and a number of non-terminal nodes in a current LOG up 
to a current node. 

The symbol address register 180 generates the fourth selection signal 
SEL4 for obtaining the fixed length code SFLC, in response to the symbol 

5 address signal SYMADDS. A symbol address is a sum of a terminal value 

TERMV corresponding to the current LOC table value LOCTV and a number of 
terminal nodes in a current LOC before the current node. 

The memory 165 stores LOC table values LOCTV, predetermined terminal 
. values TERMV, and fixed length codes SFLC. The memory 165 outputs a 

10 particular LOC table value LOCTV and a particular terminal value TERMV in 
response to the third selection signal SEL3 or outputs a particular fixed length 
code SFLC in response to the fourth selection signal SEL4. Each of the LOC 
table values LOCTV stored in the memory 165 comprises LOC information bits 
corresponding to node types designated by each variable length code of a 

15 current LOC in a LOC information table, for example, table 200 shown in FIG. 2. 

The memory searcher 170 receives a particular LOC table value LOCTV 
and a particular terminal value TERMV from the memory 165 and L bits of the 
data bitstream DSTREAM. Thereafter, the memory searcher 170 determines 
whether the L bits of the data bitstream DSTREAM are for a terminal node or a 

20 continuous node using the LOC information table 200 stored therein and 

generates the continuous node signal NCONS or the symbol address signal 
SYMADDS. Here, L is a natural number and may be 3. In addition, the 
memory searcher 170 receives the fixed length code SFLC from the memory 165 
and outputs it. 

25 The LOC information table 200 stored in the memory searcher 170 

includes node types indicating whether a node designated by a variable length 
code is a terminal node, a continuous node, or an invalid node. Each node type 
comprises N*2 L LOC information bits. LOC information bits for each node type 
can be expressed using four formats, A, B, C, and D. Each format comprises N 

30 bits. 
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In the LOC information table 200 stored in the memory searcher 170, 
when a variable length code is 0, 1 , 00, 01 , 10, or 1 1 , a node type designated by 
the variable length code is a terminal node. When a variable length code is one 
of 000 through 1 1 1 , a node type designated by the variable length code can be a 

5 terminal node, a continuous node, or an invalid node. For example, where N is 
2 and L is 3, when a variable length code is 0, an upper 8 bits of the LOC 
information bits are expressed as ABBB. When a variable length code is 1 , a 
lower 8 bits of the LOC information bits are expressed as ABBB. When a 
variable length code is 00, an upper 4 bits of the LOC information bits are 

10 expressed as AB. When a variable length code is 01 , the LOC information bits 
from an upper fifth to eighth places are expressed as AB. When a variable 
length code is 10, the LOC information bits from an upper ninth to twelfth places 
are expressed as AB. When a variable length code is 1 1 , the LOC information 
bits from an upper thirteenth to sixteenth places are expressed as AB. In a case 

15 where a variable length code is one of 000 through 111, when the variable length 
code designates a terminal node, the LOC information bits are expressed as A. 
When the variable length code designates a continuous node, the LOC 
information bits are expressed as C. When the variable length code designates 
an invalid node, the LOC information bits are expressed as D. 

20 In another example of a LOC information table stored in the memory 

searcher 170, when a variable length code is 0 or 1, a node type designated by 
the variable length code is a terminal node. When a variable length code is one 
of 00 through 1 1 , a node type designated by the variable length code can be a 
terminal node, a continuous node, or an invalid node. 

25 According to the LOC information table, where for example, N is 2 and L is 

2, when a variable length code is 0, the upper 4 bits among LOC information bits 
are expressed as AB. When a variable length code is 1, a lower 4 bits among 
LOC information bits are expressed as AB. In a case where a variable length 
code is one of 00 through 1 1 and the variable length code designates a terminal 
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node, the LOC information bits are expressed as A. When the variable length 
code designates a continuous node, the LOC information bits are expressed as 
C. When the variable length code designates an invalid node, the LOC 
information bits are expressed as D. 
5 FIG. 2 shows the LOC information table 200 stored in the memory 

searcher 170 shown in FIG. 1 . FIG. 3 is a table showing symbols and variable 
length codes. FIG. 4 is a conceptual diagram showing a procedure for obtaining 
a symbol from a variable length code. FIG. 5 is a table showing LOC table 
values and terminal values, which are stored in the memory 165 shown in FIG. 1. 

10 FIG. 6 is a table showing symbols and fixed length codes. 

Hereinafter, the operations of the apparatus 100 for decoding a variable 
length code according to an embodiment of the present invention will be 
described in detail with reference to FIGS. 1 through 6. 

The data bitstream DSTREAM is stored in the data bitstream storage unit 

15 105. The pre-decoding unit 107 receives the data bitstream DSTREAM from 
the data bitstream storage unit 105. The data bitstream DSTREAM is data 
information obtained by encoding data using variable length codes. 

The data bitstream DSTREAM will be described in detail with reference to 
FIG. 3. Symbols can be encoded using fixed length codes or variable length 

20 codes. When symbols are encoded using fixed length codes, the same number 
of bits is assigned to all symbols. When symbols are encoded using variable 
length codes, different numbers of bits are assigned to different symbols. For 
example, in variable length codes a smaller number of bits are assigned to 
■ symbols having a relatively high probability of occurrence, and a larger number of 

25 bits are assigned to symbols having a relatively low probability of occurrence, 
and the number of bits of encoded data can be reduced as compared to fixed 
length codes. Accordingly, variable length codes are more widely used for 
encoding than fixed length codes. According to an embodiment of the present 
invention, a data bitstream has been encoded using variable length codes. 
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The pre-decoding unit 107 includes the first pre-decoder 110 and the 
second pre-decoder 120. When sequential 0s or 1s exist in the MSBs of the 
data bitstream DSTREAM, as in a direct current (DC) coefficient table as defined 
by the MPEG standard and the Joint Photographic Experts Group (JPEG) 
5 standard, the first pre-decoder 110 generates the first selection signal SEL1 for 
selecting a look-up table address register from a set of the first through M-th 
look-up table address registers 140 according to the number of 0s or 1s. For 
example, when two sequential 0s or 1s exist in the MSBs of the data bitstream 
DSTREAM, the first selection signal SEL1 selects the first look-up table address 

10 register LUTADD0. When three or four sequential 0s or 1s exist in the MSBs of 
the data bitstream DSTREAM, the first selection signal SEL1 selects the second 
look-up table address register LUTADD1 . Thus, one of the first through M-th 
look-up table address registers 140 is selected according to the characteristic of 
the data bitstream DSTREAM. 

15 When no sequential 0s or 1s exist, as in an alternating current (AC) 

coefficient table defined by the MPEG standard, the second pre-decoder 120 
generates the second selection signal SEL2 for selecting the look-up table 
address register from the set of the first through M-th look-up table address 
registers 140 using several bits in the MSBs of the data bitstream DSTREAM. 

20 For example, when using four bits in the MSBs, the second selection signal SEL2 
selects the first look-up table address register LUTADD0 if the four bits are 0000, 
selects the second look-up table address register LUTADD1 if the four bits are 
0001 , and selects the third look-up table address register LUTADD2 if the four 
bits are 0010. Thus, one of the first through M-th look-up table address 

25 registers 140 is selected according to the characteristic of the data bitstream 
DSTREAM. 

As described above, by separately providing the first pre-decoder 110 and 
the second pre-decoder 120, the size of data to be decoded is reduced according 
to the characteristic of a code value of the data bitstream DSTREAM. 
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Consequently, power consumption is reduced, and a decoding speed is 
increased. The data bitstream DSTREAM is input to one of the first pre-decoder 
1 10 and the second pre-decoder 120 based on data bitstream DSTREAM 
information, which has been detected and input to a control register (not shown) 
5 by a user. 

The shifter 130 shifts the data bitstream DSTREAM in response to the first 
selection signal SEL1 or the second selection signal SEL2. If the second 
pre-decoder 120 determines the characteristic of a code value of the data 
bitstream DSTREAM in units of four bits of the code value, the shifter 130 shifts 
10 the data bitstream DSTREAM by four bits in response to the second selection 
signal SEL2. 

The shifter 130 shifts the data bitstream DSTREAM by L bits in response 
to the continuous node signal NCONS. According to an embodiment of the 
present invention, L may be 3. 
15 Each of the first through M-th look-up table address registers 140 includes 

a LOC address designating a K-bit LOC table value LOCTV stored in the 
memory 165. 

Referring to FIG. 5, LOC addresses are 0 and 1 shown in an address 
section. LOC table values LOCTV are values shown in a content section. For 
20 example, the LOC address 0 corresponds to the 16 bits 1 1 10 1 1 01 1 1 10 1 1 1 1 
stored as a K-bit LOC table value LOCTV. LOC table values LOCTV are stored 
in the memory 165, and a LOC address designating a LOC table value LOCTV is 
stored in each of the first through M-th look-up table address registers 140. 

The selector 150 selects an output of the first through M-th look-up table 
25 address registers 140 in response to the first selection signal SEL1 or the second 
selection signal SEL2. The selector 150 may be a multiplexer. 

When the data bitstream DSTREAM is input to the second pre-decoder 
120, the second selection signal SEL2 is generated, and one of the LOC 
addresses stored in the first through M-th look-up table address registers 140 is 
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selected in response to the second selection signal SEL2. The LOC address 
selected in response to the second selection signal SEL2 is input to the memory 
controller 153. The memory controller 153 selects a LOC table value LOCTV 
corresponding to the input LOC address. 

5 After the data bitstream DSTREAM is pre-decoded according to the code 

characteristic thereof and an LOC address is selected, the data bitstream 
DSTREAM is decoded using a tree search method. The tree search method is 
performed based on a LOC. An operation of decoding the data bitstream 
DSTREAM will be described in detail with reference to FIG. 4. 

10 A LOC is a group of child nodes connected to a single node. A node is a 

data symbol that is output as the result of a decoding operation. Nodes include 
terminal nodes and continuous nodes. A terminal node is a final data symbol, 
and a continuous node is an intermediate node in a path to a terminal node. In 
FIG. 4, hatched circles denote terminal nodes, and a blank circle denotes a 

15 continuous node. 

Pre-decoding is performed according to the characteristic of a code value 
of the input data bitstream DSTREAM and a LOC address is selected. Here, 
the characteristic of a code value of the data bitstream DSTREAM can be 
determined based on either 4 or 5 bits of the data bitstream DSTREAM. 

20 However, decoding of the data bitstream DSTREAM is performed in units of L 

bits. By way of example and for clarity of the description, L is 3, that is, the data 
bitstream DSTREAM is decoded in units of 3 bits. 

During decoding, the apparatus 100 for decoding a variable length code 
shown in FIG. 1 receives data bitstream DSTREAM in units of 3 bits and 

25 determines whether each 3 bits of the data bitstream DSTREAM is a terminal 

node or a continuous node using the LOC information table 200 shown in FIG. 2. 

The LOC information table 200 shown in FIG. 2 includes node types 
indicating whether a node designated by a variable length code is a terminal 
node, a continuous node, or an invalid node, and LOC information bits identifying 

30 each node type. According to the example, the variable length code is the code 
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value of each 3 bits of the data bitstream DSTREAM. In FIG. 2, numerals in 
each node type section correspond to a 3-bit data bitstream DSTREAM. 

Each node type comprises N*2 L LOC information bits. LOC information 
bits for each node type can be expressed using four formats A, B, C, and D, 
5 wherein each format comprises N bits. 

In the LOC information table 200 shown in FIG. 2, LOC information bits 
are expressed using four formats A, B, C, and D, each comprising 2 bits. For 
example, the format A is expressed as 1 1 , the format B is expressed as 10, the 
format C is expressed as 01 , and the format D is expressed as 00. Here, N is 2. 
10 However, N is not restricted to 2. In the description below, 11, 10, 01 , and 00 
are used instead of A, B, C, and D. Thus, according to the example, N=2 arid 
L=3. Accordingly, each node type has 2*2 3 = 16 LOC information bits. 

When the MSB of a 3-bit data bitstream DSTREAM is 0 and LOC table 
values stored in the memory 165 are the same as LOC information bits in the 
15 LOC information table 200, the MSB 0 of a 3-bit data bitstream DSTREAM is a 
terminal node. 

Referring to the LOC information table 200 shown in FIG. 2, when a 3-bit 
data bitstream DSTREAM includes 0, 1, 00, 01, 10, or 1 1 , a node type 
designated by the 3-bit data bitstream DSTREAM is a terminal node. When a 

20 3-bit data bitstream DSTREAM is one of 000 through 1 1 1 , a node type 

designated by the 3-bit data bitstream DSTREAM can be a terminal node, a 
continuous node, or an invalid node according to LOC information bits. Each 
terminal node, continuous node, and invalid node has 16 LOC information bits. 
When the MSB of a 3-bit data bitstream DSTREAM is 0 and designates a 

25 terminal node, the <0> terminal node has 11 10 10 10 in the upper 8 LOC 

information bits. When the MSB of a 3-bit data bitstream DSTREAM is 1 and 
designates a terminal node, the <1> terminal node has 11 10 10 10 in the lower 8 
LOC information bits. When the upper 2 bits of a 3-bit data bitstream 
DSTREAM are 00 and designates a terminal node, the <00> terminal node has 
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11 10 in the upper 4 LOC information bits. When the upper 2 bits of a 3-bit data 
bitstrearn DSTREAM are 01 and designate a terminal node, the <01> terminal 
node has 11 10 in the fifth through eighth places in LOC information bits, 
respectively. When the upper 2 bits of a 3-bit data bitstrearn DSTREAM are 10 

5 and designate a terminal node, the <10> terminal node has 11 10 in the ninth 

through twelfth places in LOC information bits, respectively. When the upper 2 
bits of a 3-bit data bitstrearn DSTREAM are 1 1 and designate a terminal node, 
the <1 1> terminal node has 11 10 in the thirteenth through sixteenth places in 
LOC information bits, respectively. 

10 When a 3-bit data bitstrearn DSTREAM is one of 000 through 1 1 1 and 

designates a terminal node, the terminal node has 1 1 in LOC information bits. 
When a 3-bit data bitstrearn DSTREAM is one of 000 through 1 1 1 and 
designates a continuous node, the continuous node has 01 in LOC information 
bits. When a 3-bit data bitstrearn DSTREAM is one of 000 through 1 1 1 and 

15 designates an invalid node, the terminal node has 00 in LOC information bits. 

LOC table values LOCTV, stored in the memory 165, are obtained using 
the conceptual diagram shown in FIG. 4 and the LOC information table 200 
shown in FIG. 2. 

Referring to FIG. 4, an input data bitstrearn DSTREAM including 00 
20 designates a terminal node "c". It can be inferred from the LOC information 

table 200 shown in FIG. 2 that LOC information bits for the terminal node "c" are 
1110. This value 11 10 is recorded in the content section indicating a LOC 
table value LOCTV in a LOC table shown in FIG. 5. An input data bitstrearn 
DSTREAM 010 designates a terminal node T. It can be inferred from the LOC 
25 information table 200 shown in FIG. 2 that LOC information bits for the terminal 
node T are 1 1 . This value 1 1 is recorded behind 11 10 in the content section of 
the LOC table. An input data bitstrearn DSTREAM 01 1 designates a continuous 
node. It can be inferred from the LOC information table 200 shown in FIG. 2 
that LOC information bits for the continuous node are 01 . This value 01 is 
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recorded behind 1 1 10 1 1 in the content section of the LOC table. An input data 
bitstream DSTREAM including 10 designates a terminal node "a". It can be 
inferred from the LOC information table 200 shown in FIG. 2 that LOC 
information bits for the terminal node "a" are 1110. This value 11 10 is 
5 recorded behind 1 1 10 1 1 01 in the content section of the LOC table. An input 
data bitstream DSTREAM 1 10 designates a terminal node "g". It can be 
inferred from the LOC information table 200 shown in FIG. 2 that LOC 
information bits for the terminal node "g" are 1 1 . This value 1 1 is recorded 
behind 11 10 11 01 11 1 0 in the content section of the LOC table. An input data 

10 bitstream DSTREAM 1 1 1 designates a terminal node "b'\ It can be inferred 

from the LOC information table 200 shown in FIG. 2 that LOC information bits for 
the terminal node "b" are 1 1 . This value 1 1 is recorded behind 11 10 11 01 11 
10 1 1 in the content section of the LOC table. Then, a LOC table value 
corresponding to a LOCO is completed. A LOC address 0 corresponds to LOCO, 

15 and a LOC address 1 corresponds to LOC1 . LOC table values LOCTV for 
respective variable length codes 0 and 1 shown at the branches from the 
continuous node of the LOCO to the LOC1 can be obtained. 

In FIG. 4, a reference character R denotes a root node. Branches are 
connected from the root node R to the LOCO, and each branch has input data 

20 bitstream DSTREAM expressed in the form of a variable length code. Variable 
length codes are shown in FIG. 3. 

When a variable length code is 4 bits in length, the first three bits 
designate a continuous node and the last one bit designates a terminal node 
connected to the continuous node. 

25 The variable length codes shown in FIG. 3 are examples, and are not 

intended to be limiting. For example, a variable length code designating a 
symbol "a" can be a different code node, not shown in FIG. 3. If the variable 
length codes shown in FIG. 3 change, the conceptual diagram shown in FIG. 4 
also changes. 
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FIG. 5 shows the LOC table including LOC table values LOCTV, which is 
stored in the memory 165. Each numeral written in the address section denotes 
a LOC address stored in one of the first through M-th look-up table address 
registers 140. 

5 An input data bitstream DSTREAM may have various code values. If the 

3 bits of the input data bitstream DSTREAM are not one of 00, 010, 01 1 , 10, 110, 
and 1 1 1 shown in FIG. 4, the input data bitstream DSTREAM comprises an error 
and is processed using an interrupt. 

In the following example, the data bitstream DSTREAM is given by 
10 011000.... 

If the selector 150 outputs a LOC address 0 in response to the first 
selection signal SEL1 or the second selection signal SEL2, the LOC address 
value 0 is stored in the offset register 155. 

A LOC table value LOCTV corresponding to the LOC address 0 is 
15 selected from the LOC table stored in the memory 165. The selected LOC table 
value LOCTV is 1 1 10 1 1 01 1 1 10 1 1 11, and a first 3-bit data bitstream 
DSTREAM is 01 1 . Referring to the LOC table values LOCTV, input data 
bitstream DSTREAM is valid when it is any one of 00, 01 0, 01 1 , 1 0, 1 1 0, and 1 1 1 . 
Here, since the first 3-bit data bitstream DSTREAM is 01 1 , it is valid. As shown 
20 in FIG. 4, the data bitstream DSTREAM 01 1 designates a continuous node, and 
thus the memory searcher 170 generates the continuous node signal NCONS. 

The LOC address register 175 of the memory controller 153 receives the 
continuous node signal NCONS and generates a next LOC address NLOCADD. 
A next LOC address NLOCADD is the sum of a current LOC address and the 
25 number of non-terminal nodes in a current LOC up to the current node. Here, a 
current LOC address is 0, and the number of non-terminal nodes in a current 
LOC up to the current node is 1 . The current node <01 1> is a continuous node. 
Accordingly, the next LOC address NLOCADD is 1 . 
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The shifter 130 shifts the input data bitstream DSTREAM by 3 bits in 
response to the continuous node signal NCONS. Accordingly, the data 
bitstream DSTREAM is 000. The adder 160 adds the value 0 stored in the 
offset register 155 and the LOC address 1 so as to output 1 as the third selection 

5 signal SEL3. 

The LOC address 0, initially stored in the offset register 155, is kept until 
the data bitstream DSTREAM designates a terminal node that is decoded into a 
symbol value. If the input data bitstream DSTREAM is decoded into a symbol 
value, a new LOC address is selected by the first pre-decoder 1 10 or the second 

10 pre-decoder 120 and stored in the offset register 155. 

A LOC table value LOCTV corresponding to the LOC address 1 is 
selected from the LOC table stored in the memory 165 in response to the third 
selection signal SEL3. The LOC table value LOCTV is applied to the memory 
searcher 1 70. In addition, a terminal value TERMV is selected from the LOC 

15 table stored in the memory 165 in response to the third selection signal SEL3. 

The memory searcher 1 70 receives the LOC table value LOCTV and the 
terminal value TERMV, which are output from the memory 1 65, and the 3-bit 
input data bitstream DSTREAM. The LOC table value LOCTV is 1 1 10 10 10 1 1 
10 10 10, and the 3-bit input data bitstream DSTREAM is 000. Referring to the 

20 LOC table value LOCTV, an input data bitstream DSTREAM is valid when it is 0 
or 1 . Here, the first bit 0 of the 3-bit input data bitstream DSTREAM 000 is a 
valid input value. As is seen from FIG. 4, the valid data bitstream 0 designates 
a terminal node. It can be inferred from FIG. 5 that the terminal value TERMV is 
5. The terminal value TERMV is stored in the memory 165. The terminal value 

25 TERMV is the number of terminal nodes before the current LOC1 corresponding 
to the LOC address 1 . Accordingly, the terminal value TERMV is 5. When the 
LOC address is 0, the terminal value TERMV is 0. 

The memory searcher 170 receives the terminal value TERMV output 
from the memory 165, selects a symbol address stored therein, and generates a 
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symbol address signal SYMADDS corresponding to the selected symbol 
address. 

A symbol address is the sum of a terminal value TERMV corresponding to 
a current LOC table value LOCTV and the number of terminal nodes in a current 
5 LOC before a current node. Here, the terminal value TERMV corresponding to 
the current LOC table value LOCTV is 5, and the number of terminal nodes in the 
current LOC1 before the <0> current node is zero. Thus, the symbol address is 
5. 

FIG. 6 shows symbol addresses, symbols, and fixed length codes. Since 
10 the symbol address is 5, the memory searcher 170 generates a symbol address 
signal SYMADDS for selecting a symbol "e". 

The symbol address register 180 stores the symbol address signal 
SYMADDS and generates the fourth selection signal SEL4 for selecting a fixed 
length code SFLC. 

15 The fourth selection signal SEL4 is applied to the memory 165 so that a 

fixed length code SFLC corresponding to the symbol "e" is output from the 
memory 165. 

The memory searcher 170 receives and outputs the fixed length code 
SFLC output from the memory 1 65. 

20 As described above, the apparatus 100 for decoding a variable length 

code according to an embodiment of the present invention can decode a data 
bitstream DSTREAM that has been encoded using variable length codes in units 
of 3 bits, thereby increasing a decoding speed. In addition, by using the first 
pre-decoder 110 and the second pre-decoder 120, the size of a table used for 

25 decoding according to the characteristic of a code value of an input data 
bitstream can be reduced, thereby reducing power consumption. 

To decode data bitstream DSTREAM in units of 3 bits, a table having a 
structure as shown in the LOC information table of FIG. 2 needs to be prepared. 
The formats A, B, C, and D used to express LOC information bits in the LOC 

30 information table of FIG. 2 are each represented with a 2-bit digital value. 
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However, a digital value for the formats A, B, C, and D is not restricted to 2 bits in 
length. 

The data bitstream DSTREAM can be decoded in units of 2 bits. Here, if 
the formats A f B, C, and D have 2 bits in length, that is, N is 2, 2*2 2 = 8 LOC 
5 information bits are used for each node type. In this case, the LOC information 
table of FIG. 2 can be changed as follows. When a variable length code is 0 or 
1, a node type designated by the variable length code is a terminal node. When 
a variable length code is one of 00 through 1 1 , a node type designated by the 
variable length code can be a terminal node, a continuous node, or an invalid 

10 node. When a variable length code is 0, the upper 4 bits in the LOC information 
bits are expressed as AB. When a variable length code is 1, the lower 4 bits in 
the LOC information bits are expressed as AB. In a case where a variable 
length code is one of 00 through 1 1 , when a node type designated by the 
variable length code is a terminal node, the LOC information bits are expressed 

15 as A; when a node type designated by the variable length code is a continuous 
node, the LOC information bits are expressed as C; and when a node type 
designated by the variable length code is an invalid node, the LOC information 
bits are expressed as D. 

FIG. 7 is a flowchart of a method of decoding a variable length code 

20 according to an embodiment of the present invention. FIG. 8 is a flowchart of 
step 710 shown in FIG. 7. 

Referring to FIG. 7, a method 700 of decoding a variable length code 
according to an embodiment of the present invention is performed by a variable 
length code decoding apparatus comprising first through M-th look-up table 

25 address registers, where M is a natural number, each including a predetermined 
LOC address. The variable length code decoding apparatus further comprises 
a memory storing a LOC table containing K-bit LOC table values, where K is a 
natural number, corresponding to each LOC address and predetermined terminal 
values corresponding to each LOC address. The variable length code decoding 
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apparatus comprises a memory searcher storing a LOC information table 
comprising information referred to for decoding a variable length code. In step 
710 a data bitstream is received, and a first selection signal or a second selection 
signal for selecting a look-up table address register from a set of first through 

5 M-th look-up table address registers is generated according to a code value of 
the data bitstream. 

More specifically, when sequential 0s or 1s exist in the MSBs of the data 
bitstream, the first selection signal for selecting the look-up table address register 
from the set of first through M-th look-up table address registers is generated 

10 according to the number of sequential 0s or 1s in step 810. The second 

selection signal for selecting the look-up table address register from the set of 
first through M-th look-up table address registers is generated using N bits, 
where N is a natural number, in the MSBs of the data bitstream in step 820. 
The data bitstream is shifted by a predetermined number of bits in response to 

15 the first selection signal or the second selection signal arid a continuous node 
signal in step 830. 

One of the outputs of the first through M-th look-up table address registers 
is selected in response to the first selection signal or the second selection signal 
in step 720. 

20 A third selection signal for selecting a LOC table value and a terminal 

value corresponding to the LOC table value from the LOC table stored in the 
memory is generated by adding the output selected in step 710 and a 
predetermined next LOC address in step 730. The terminal value is used to 
obtain a predetermined symbol address. The predetermined next LOC address 

25 is the sum of a current LOC address and the number of non-terminal nodes 
existing in a current LOC up to the current node. 

A LOC table value and a terminal value are selected from the LOC table in 
response to the third selection signal in step 740. 
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In step 750 it is determined whether L bits of the data bitstream designate 
a terminal node or a continuous node using the LOC information table based on 
the selected LOC table value and the selected terminal value, which are output 
from the memory, so as to generate a continuous node signal or a symbol 
5 address signal. The data bitstream may be shifted by 3 bits in response to the 
continuous node signal. 

The predetermined next LOC address used for selecting the LOC table 
value is generated in step 730 in response to the continuous node signal in step 
760. 

10 A fourth selection signal for selecting a fixed length code is generated in 

response to the symbol address signal in step 770. 

In response to the fourth selection signal, a fixed length code is selected 
from the memory and then output in step 780. 

The symbol address is the sum of a terminal value corresponding to a 

15 current LOC table and the number of terminal nodes in a current LOC before a 
current node. The LOC information table stored in the memory searcher is the 
same as the LOC information table used by the apparatus 100 for decoding a 
variable length code, and thus a detailed description thereof will be omitted. A 
LOC table value stored in the memory comprises LOC information bits 

20 corresponding to node types, which are respectively designated by the variable 
length codes of a current LOC in the LOC information table. According to an 
embodiment of the present invention, L may be 3. 

The variable length code decoding method 700 shown in FIGS. 7 and 8 
corresponds to the operation of the variable length code decoding apparatus 100 

25 shown in FIG. 1 . Accordingly, a detailed description of the variable length code 
decoding method 700 will be omitted. 

As described above, in an apparatus and method for decoding a variable 
length code according to the present invention, an input data bitstream is 
decoded in units of 3 bits, thereby increasing a decoding speed. In addition, by 

30 pre-decoding the input data bitstream according to the characteristic of a code 
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value of the input data bitstream, the size of a table used for decoding can be 
reduced, thereby decreasing power consumption. 

While this invention has been particularly shown and described with 
reference to preferred embodiments thereof in the drawings and specification, 
5 the preferred embodiments should be considered in a descriptive sense only and 
not for purposes of limitation. It will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from 
the spirit and scope of the invention. Therefore, the scope of the invention will 
be defined by the appended claims. 
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